Introduction {#sec1-1}
============

Attention deficit hyperactivity disorder (ADHD) is shown as one of the most common disorders in school-aged children.\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref6]\] ADHD has widespread effects on the functioning and development of affected children as well as having considerable impact on others including family members, peers, and teachers. It can lead to other disorders and academic difficulties and relationship and social functioning problems.\[[@ref1][@ref2][@ref3][@ref6]\] ADHD has also been shown to have long-term adverse effects on social-emotional development, vocational success and academic performance.\[[@ref1][@ref2][@ref3][@ref5][@ref7][@ref8][@ref9]\] ADHD is the most prevalent neuropsychiatric disorder worldwide, in both developed and developing countries, affecting between 5% and 15% of school-aged children. The underlying pathophysiology of ADHD remains complex and not clearly understood.\[[@ref8][@ref9]\]

Several studies\[[@ref8][@ref9][@ref10][@ref11][@ref12][@ref13][@ref14][@ref15]\] have attempted to understand the role of serum ferritin levels as a reliable measure of iron stores in body tissues, including the brain, in the absence of anemia in children with ADHD. Sever *et al*.,\[[@ref11]\] studied the correlation between iron deficiency and ADHD and reported that supplementation of 5 mg/kg of iron to 14 ADHD children for 30 days resulted in increased serum ferritin level and reduced levels of ADHD on Conner\'s Rating Scale using standardized assessment tools.\[[@ref4][@ref5][@ref6]\] It has been argued that ADHD is primarily caused by reduced serum iron concentration in view of significantly reduced serum iron levels in ADHD children.\[[@ref9][@ref10][@ref11][@ref12][@ref13][@ref14][@ref15][@ref16]\] Furthermore, genetic factors are known to be the dominant cause of ADHD,\[[@ref5][@ref8][@ref9][@ref10][@ref17][@ref18]\] and their interactions with environmental, and socioeconomical factors\[[@ref9][@ref10][@ref11][@ref12]\] produce a complex picture.

Iron deficiency is reported to be the most prevalent problem in the world today\[[@ref19][@ref20][@ref21][@ref22][@ref23]\] and nutritional problem among children and there is there is considerable evidence iron is important for neurological functioning and development.\[[@ref19]\] According to the World Health Organization, iron deficiency is the most prevalent nutritional deficiency. A 30% prevalence of iron deficiency anemia (IDA) at a minimum, has been noted among children, adolescents, and women in nonindustrialized countries, and iron deficiency is also the most prevalent nutritional deficiency in industrialized countries.\[[@ref20][@ref21]\] More recently study showed that the iron deficiency increased risk of psychiatric disorders, and attention deficit hyperactivity disorder, and developmental disorders.\[[@ref20][@ref21][@ref22][@ref23]\]

This is the first study to investigate the association between circulating iron serum, ferritin and vitamin D levels and ADHD and associated risk factors. This study, using a nationwide population-based database with a case-control method and the largest sample size, attempted to clarify the association between iron deficiency anemia and ADHD among children. We hypothesized that children with IDA exhibited the higher risk of having ADHD psychiatric disorder.

Subjects and Methods {#sec1-2}
====================

This is a case-control study designed to determine the relationship between iron and vitamin D deficiency with ADHD in young Qatari population below 18 years of age who are visited Primary Healthcare Center (PHC), School Health or Pediatrics Clinic. With the available information\[[@ref5]\] prevalence of ADHD is 15%, with 1% error bound and 99% confidence limit, power of the test considered to be 90% and the odds ratio 2, the required sample size was estimated as 630 cases and 630 controls would be sufficient to achieve the aim of the study. The data were collected between June 2011 and July 2013. A total of 630 cases of ADHD were matched with age, gender, and ethnicity of 630 control subjects.

The study was approved by the Hamad General Hospital, Hamad Medical Corporation. All human studies have been approved by the Research Ethics Committee and have therefore been performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki. All the parents of persons who agreed to participate in this study gave their informed consent prior to their inclusion in the study.

Data Collection {#sec1-3}
===============

The ADHD children were diagnosed according to the Diagnostic and Statistical Manual of Mental Disorders, 4^th^ Edition, Text Revision criteria confirming the presence of symptoms using Conners' Parents Rating Scale (CPRS) and Conners' Teachers Rating Scale (CTRS).\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref6][@ref24][@ref25][@ref26]\] The inclusion criteria were children aged 6-18 years attending regular schools and not taking any medication or any stimulants.

Selection of attention deficit hyperactivity disorder subjects {#sec2-1}
--------------------------------------------------------------

The diagnosis of ADHD was based on physician-diagnosis. The CTRS was used to screen ADHD symptoms among children.\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref25][@ref26][@ref27][@ref28]\] Teacher Rating Scales\[[@ref6][@ref24][@ref25][@ref26]\] are also an important part of the evaluation and diagnosis. Teacher Rating Scales provide necessary information about the child in the school setting. We used have used Swanson, Nolan, and Pelham (SNAP) questionnaire, SNAP-IV Teacher and Parent Rating Scale\[[@ref24][@ref25][@ref26]\] and Conner\'s filled by both parents and teachers in addition to the clinical history and school performance. ADHD subjects aged below 18 years were identified from PHC Clinics and School Health as part of the cohort study of 630 ADHD series of children were approached which gave consent and participated in the study. The study excluded the subjects with following characteristics: Hemoglobin below 10 g/dL, Calcium supplements or vitamin D intake during the last 6 month before the study; history of epilepsy or antiepileptic drugs since they affect vitamin D; sun block use and the pubertal age since behavioral problems and 25(OH) D2 are affected by puberty and use of sun block.

Selection of controls {#sec2-2}
---------------------

Control subjects aged below 18 years were identified from the community as healthy and as not been diagnosed as ADHD or if they never used any medication who are visited PHC or School Health. This group involved a matched consecutive series of 630 healthy subjects who visited the PHC Clinics for any reason other than acute or chronic disease subjects included, such as headache, etc., during the same period. The healthy subjects were selected in a way matching to the age, gender, and ethnicity of cases to give a good representative sample of the studied population.

Laboratory investigation {#sec2-3}
------------------------

### Blood collection and serum measurements of vitamin D {#sec3-1}

Trained phlebotomist collected venous blood sample, and serum separated and stored at -70°C until analysis. A blood test was carried out with the patient group and the control group, including the serum iron, ferritin, and hemoglobin, etc., Serum 25-hydroxyvitamin D \[25(OH) D\], a vitamin D metabolite, was measured using a commercially available kit (DiaSorin Corporate Headquarter, Saluggia, Italy). The treated samples were then assayed using competitive binding radio-immunoassay technique. Subjects were classified into four categories using traditional conventions: (1) *Severe* vitamin D deficiency, 25(OH) D \< 10 ng/ml; (2) *moderate* deficiency, 25(OH) D 10-19 ng/ml; (3) *mild* deficiency, 25(OH) D 20-29 ng/ml; and (4) normal/optimal level is between 30 and 80 ng/ml.\[[@ref27][@ref28]\] Other baseline biochemical levels measured from the serum included vitamin D, calcium, magnesium, calcium, cholesterol, and phosphorus and parathyroid hormone levels on the basis of previous recommendations.\[[@ref27][@ref28]\] Serum levels of these biochemical parameters were determined according to standard laboratory procedures.

### Assessment {#sec3-2}

The CPRS and CTRS were used\[[@ref5][@ref6][@ref26][@ref27][@ref28]\] to screen ADH symptoms among children. Teacher Rating Scales\[[@ref1][@ref2][@ref3][@ref6][@ref12]\] are also an important part of the evaluation and diagnosis. Teacher Rating Scales provide necessary information about the child in the school setting. The teacher also becomes a secondary informant who can judge the behavior of the child in the context of his peers.\[[@ref1][@ref2][@ref3][@ref9][@ref26][@ref27][@ref28]\] The Conner\'s' Scale has been widely used in different settings and languages, and it has well-established reliability and validity across cultures.\[[@ref27][@ref28]\] The Conners' teacher scale contains 10 items for each of which the teacher was asked to indicate the degree of applicability to the child being assessed as follows: Not at all (score 0), just a little (score 1), much (score 2), and very much (score 3). For each child, we combined the item specific scores to obtain the total scores (maximum score of 30 and the minimum is 0). The score between 0-9 is seen as mild and 10-14 as moderate ADHD. Those who scored 15 or more were seen as having high levels of ADHD. The participants were interviewed by health professionals and nurses. The parents completed the second questionnaire which included the sociodemographic variables such as age, gender, nationality, level of education, and occupation of parents. The relationship of the consanguineous parents was recorded. In this study, Consanguinity was defined as marriages between relatives either first cousin or second cousin. Body mass index (BMI) was calculated as the weight in kilograms (with 1 kg subtracted to allow for clothing) divided by height in meters squared. BMI \<85^th^ percentile was considered normal weight, 85^th^-95^th^ percentile as overweight and \>95^th^ percentile as obese.

The Student\'s *t* test was used to ascertain the significance of differences between mean values of two continuous variables and confirmed by nonparametric Mann-Whitney test. A Chi-square analysis was performed to test for differences in the proportion of categorical variables between two or more groups. Multiple logistic regression analysis using the forward inclusion and backward deletion method was used to assess the relationship between dependent (ADHD symptoms) and independent variables and to adjust for potential confounders and to order the importance of risk factors (determinant) for the ADHD. The level *P* \< 0.05 was considered as the cut-off value for significance.

Results {#sec1-4}
-------

[Table 1](#T1){ref-type="table"} shows sociodemographic characteristics of the participants with ADHD and the controls. Of 630 of ADHD and 630 of healthy children were approached with their mean age (SD, in years) for ADHD and control children were 11.54 (3.83) versus 11.50 (3.62). There were statistically significant differences between ADHD and healthy children control subjects with respect to father education level (*P* \< 0.01), occupation of father (*P* \< 0.01), educational level of mother (*P* \< 0.01), monthly income (*P* = 0.03), consanguineous marriages of parent (*P* \< 0.01) and BMI in percentiles (*P* \< 0.01).

###### 

Sociodemographic characteristics of studied ADHD and control subject (*N*=1260)

![](AMHSR-4-291-g001)

[Table 2](#T2){ref-type="table"} illustrates the comparison of family characteristics, child behavior, activities, and school performance of the two groups and all variables showed statistically significant differences.

###### 

Comparison of family characteristics and school performance by ADHD and control subjects

![](AMHSR-4-291-g002)

[Table 3](#T3){ref-type="table"} shows baseline chemistry biomarker values among the two groups. There were statistically significant differences between ADHD versus control children for vitamin D \[16.81 (7.84) vs. 22.18 (9.00) ng/ml\], serum iron \[82.11 (13.61) vs. 85.60 (12.47) ng/ml\], ferritin \[36.26 (5.93) vs. 38.19 (5.61) ng/ml\], hemoglobin \[12.02 (2.13) vs. 12.89 (2.02) g/dL\], magnesium \[0.82 (0.08) vs. 0.88 (0.06) mmol/L\], serum calcium level \[2.35 (0.12) vs. 2.39 (0.14) mmol/L\] and phosphorous \[1.47 (0.30) vs. 1.54 (0.26) mmol/L\]. The present study did not show any statistically significant differences between male and females regarding iron serum \[males 83.35 (12.33) vs. females 84.57 (13.93) ng/ml; *P* = 0.17\]. There was equal iron storage among male and females. Of total 630 of ADHD children, 116 (18.4%) had severe vitamin D deficiency (\<10 ng/ml).

###### 

Clinical biochemistry baseline value among ADHD and control subject

![](AMHSR-4-291-g003)

The predictors for ADHD in children using multivariate logistic regression analysis are shown in [Table 4](#T4){ref-type="table"}. The mean serum vitamin D level, serum iron, ferritin, serum calcium level, physical activity, nervous behavior, consanguinity, BMI, and child order were considered as the main factors associated with ADHD after adjusting for age, gender, and other variables.

###### 

Multivariate logistic regression analysis as predictors for ADHD children

![](AMHSR-4-291-g004)

Discussion {#sec1-5}
==========

Although the present study includes a large sample size, as well as controls and physician-diagnosed ADHD and mental health illnesses a few limitations must be remembered prior to interpretation of our findings. The study does not have data on oral intake iron and vitamin D and the number of different types of ADHD was relatively small. Furthermore, this is a case-control study, which means that only associations can be identified, and not cause and effect.

Several studies have previously reported that children affected by ADH are at a high risk of developing comorbid disorders as well as impaired social adjustment. The potential difference in the prevalence of ADHD in western and nonwestern countries is related to biology, genetics, culture and family factors.\[[@ref6][@ref8]\] Furthermore, a degree of variation in prevalence rates may be attributable to the difference in the diagnostic criteria\[[@ref3][@ref10][@ref11]\] though this is becoming more robust. More recently, the associations between iron serum and vitamin D deficiency and ADHD and their role on young children have not been reported in the literature.\[[@ref8][@ref9][@ref10][@ref11][@ref12][@ref13][@ref14][@ref15][@ref16]\]

To the best of our knowledge, this is the first clinical study demonstrating abnormally low serum ferritin levels in children with ADHD in Arabian Gulf Countries. Serum ferritin levels were very low in children with ADHD compared to controls, this is consistent with the previous reported studies.\[[@ref9][@ref10][@ref11][@ref12][@ref13][@ref14][@ref15]\] These levels in our study were extremely low in one-third cases indicating low iron stores. In contrast, serum ferritin levels in control children were within published normal ranges. Furthermore, in many developed and developing countries, the majority of children who have ADHD are undiagnosed and there is limited recognition of child mental health problems in primary care.\[[@ref1][@ref2][@ref3][@ref5][@ref6]\] Teachers and parents may be well placed to identify unrecognized children and to facilitate their referral to medical health care services hence the use of assessments by them become very important and relevant. The association between iron deficiency, ferritin deficiency and ADHD in young children have been previously reported in the literature but, the potential associated risk factors never been discussed.\[[@ref9][@ref10][@ref11][@ref12][@ref13][@ref14][@ref15][@ref16][@ref17][@ref18][@ref19][@ref20][@ref21][@ref22][@ref23][@ref24]\] Therefore, the current study conducted and explored an association between important circulating levels of iron deficiency, ferritin and vitamin D deficiency and their impact on ADHD and study outcome supported strong correlations among those variables.

As Konofal *et al*.,\[[@ref14]\] had reported that iron deficiency has been previously considered a potent cause of poor cognitive impairment, learning disabilities, and psychomotor instability it is worth considering that iron deficiency (low serum ferritin level) could lead to ADHD symptoms in relationship with central dopaminergic dysfunction. Furthermore, iron supplementation\[[@ref8][@ref9][@ref10][@ref11][@ref12][@ref13][@ref14][@ref15][@ref16][@ref29]\] and vitamin D\[[@ref21][@ref22][@ref23][@ref24]\] may form a first-line treatment for children with ADHD and iron deficiency. Furthermore, Konofol *et al*.,\[[@ref12]\] have shown that the mean serum ferritin levels, were lower in children with ADHD \[mean (SD), 23 (13) ng/ml\] than in the controls \[mean (SD), 44 (22) ng/ml; *P* \< 0.01\], while serum iron, hemoglobin, and hematocrit levels were within normal ranges in both children with ADHD and controls and did not differ between groups and serum ferritin levels were inversely correlated with the severity of ADHD. They suggest that low iron stores may explain as much as 30% of ADHD severity. This correlation suggests that the iron deficient children are mainly inattentive and distractible and suffer from learning disabilities, a finding consistent with the role of iron deficiency in cognitive deficits and mental retardation.\[[@ref30]\] Another aspect worth bearing in mind and further exploration is that the iron deficiency can be easily corrected. A causal relationship between iron deficiency and poor cognitive development and/or behavioral problems has been well-established over the past 3 decades.\[[@ref29][@ref30][@ref31][@ref32][@ref33]\] Finally, there was a trend toward a correlation between the hyperactivity sub-scores and serum ferritin levels, the children with more severe iron deficiencies suffering from increased motor restlessness.\[[@ref11]\] Previous studies have revealed that iron was associated with ADHD which affect the social-emotional development and functioning of children. In our study, an increased risk of ADHD was noted among those with IDA, which was compatible with a recent meta-analysis result.

More recently, a study from India\[[@ref13]\] showed that serum ferritin levels newly diagnosed children with ADHD showed low levels of ferritin in comparison with controls-similar findings to the present study. There was also a significant inverse correlation between serum ferritin levels and oppositional subscores on Conner\'s Rating Scale. Our study also confirms findings from Israel.\[[@ref9]\]

The current study suggests that low iron deficiency and ADHD pathophysiology could related to several multifactor. It is worth considering that iron deficiency (low serum ferritin level) could lead to ADHD symptoms in relationship with genetics, environmental risk factors, absence of iron supplementation, and lack of low nutritional foods. A causal relationship between iron deficiency and ADHD and poor cognitive development and/or behavioral problems has been well-established over the past 3 decades.\[[@ref29][@ref30][@ref31][@ref32][@ref33]\] Previous studies have revealed that iron was associated with ADHD which affect the socioemotional development and functioning of children.\[[@ref29][@ref32]\]

The correct recognition of ADHD and prompt treatment has major international public health implications.\[[@ref5][@ref6]\] This study highlights standard laboratory assessments, which may give a clue toward the diagnosis and treatments. One important limitation is major diagnostic issues and implications of such diagnoses on children, teachers, peers, families and parents, and society at large must be explored further. Recognition of ADHD, even if accurate, may be harmful through labeling, stigmatization, scapegoating, and effects on self-perception. It has been argued that such over-medicalization enables both adults and children to avoid taking responsibility for a range of behaviors.\[[@ref32]\] Current study revealed the importance of careful investigations and potential for early treatment for affected children and their families. Hyperactivity carries a considerable developmental risk even when considered in dimensional terms.

Although our study included a large sample of participants and it is case-controlled, it has some limitations. As confounding factors, we cannot exclude the possibility that they have contributed, to some extent, in determining the in the association of serum iron, ferritin levels, vitamin D, and ADHD. This study did not include data on children kept on avoidance/restriction diet. It is known that avoidance or restriction diet is one of the modalities of therapy in some case of ADHD and for a relatively short period of time. However, it is unlikely that the majority of ADHD patients in our study were on avoidance diet, or for prolonged time of dietary restrictions as the nutritional parameters (BMI) and laboratory biomarkers (serum iron, ferritin levels, and serum albumin) do not indicate evidence avoidance long enough to affect vitamin D status and iron deficiency. Hyperactivity and impulsivity are some of the main characteristic features of ADHD disease in children.

Conclusions {#sec1-6}
===========

The association between lower serum levels of various factors needs to be explored further in longitudinal studies. This study indicates that low serum iron, ferritin levels and vitamin D deficiency may be associated with ADHD pathophysiology and therefore must be assessed. Furthermore in addition, education for the parents, teachers, families, and society at large is absolutely vital if the burden of disease related to ADHD is to be reduced. It may also be that various chemicals in the diet may be interfering with the absorption of various protectors and this must be explored as a matter of urgency.

What this study adds? {#sec2-4}
---------------------

The correlation between iron, ferritin, vitamin D deficiency, and ADHD in young children has previously not been reported in the literature. However, data is lacking regarding the association between iron deficiency and ADHD. This study reveals that those deficiencies were higher in ADHD children compared with healthy children. Supplementing infants with iron and vitamin D might be a safe and effective strategy for reducing the risk of ADHD.
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